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SPECIFICATION 

1. TITLE OF THE INVENTION 

5 Package for Semiconductor Devices 

2. WHAT IT CLAIMED IS 

(1) A semiconductor device package excellent in 
radiation resistance and thermal dissipation, characterized 
in that a substrate of a ceramic package with a semiconductor 

10 element mounted therein is constructed of a Cu-W alloy 

material containing 80 to 95% by weight of W, said Cu-W alloy 
material joined to a lower surface of said ceramic package, 
and the same Cu-W alloy material is joined to an upper 
surface of said semiconductor element mounted in said ceramic 

15 package. 

(2) A semiconductor device package excellent in 
radiation resistance and thermal dissipation as recited in 
claim 1, characterized in that said Cu-W alloy material 
containing 80 to 95% by weight of W is joined to the upper 

20 surface of said semiconductor element via a ceramic material 
serving as a sealing material. 

3. EXPLANATION OF THE INVENTION 

(1) FIELD OF UTILIZATION IN INDUSTRY 

This invention relates to a semiconductor device package 
25 which can prevent a malfunction of a semiconductor element 
mounted in a semiconductor device upon exposure to radiation 
or a penetration of radiation, and is of the structure that 
is excellent in radiation resistance and thermal dissipation. 

(2) PRIOR ART 

30 As well known, a semiconductor circuit in microcomputers 

or memories comprises a complicated arrangement of PNP or NPN 
circuits. This often results in the construction of a PNPN 
junction thyristor circuit. 

This type of circuit is designed such that as a positive 

35 potential is applied to the N side of the intermediate NP 

junction and a negative potential is applied to the P side, a 
carrier depletion layer is formed so that an electrically 
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non-conducting state can be achieved. Accordingly, no 
problem arises during normal operation* 

However, when radiation such as cosmic rays penetrates 
through a thyristor circuit portion to create a number of 
5 electrons and hole pairs in the depletion layer, a short- 
circuit often occurs because the carriers put the PNPN 
junction portion into conduction in the form of a thyristor 
circuit. 

When ionizing radiation such as y-rays or X-rays is 
10 incident on the thyristor circuit portion, positive charges 
of holes and electrons are formed by Compton effect and 
photoelectric effect in Si or an insulating film, in 
addition, an interface level occurs at the interface of Si 
and an Si02 film. These cause a semiconductor element to 

15 malfunction. 

As a particles or protons are locally incident on an Si 

device, electron-hole pairs are formed along the line of 
incidence, causing the Si device to malfunction transiently. 
(3) PROBLEM TO BE SOLVED BY THE INVENTION 
20 Radiation damage to a semiconductor element is a grave 

problem. Radiation resistance improvements are a important 
technical challenge to semiconductor devices expected to be 
increasingly used in space or in the vicinities of nuclear 
reactors . 

25 Among approaches investigated so far to solve this 

challenge, there are a method of adding something to a 
semiconductor circuit element, and the covering of a high 
specific gravity material such as Pb or W on the whole of a 
device . 

30 As a matter of course, however, the former approach 

makes the design and fabrication of a semiconductor circuit 
itself intricate- In particular, there are tight constraints 
on high-density and high-speed elements. 

A problem with the latter approach is on the other hand 
35 that a semiconductor device increases in both size and mass. 
Further, much difficulty is involved in joining a 
material such as Pb or W to a ceramic package, because the 
coefficient of thermal expansion of this material differs 
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largely from that of AI2O3 that is a main material of the 
ceramic package, 

(4) MEANS FOR SOLVING THE PROBLEM 

In view of the above problems, an object of this 
5 invention is to provide a semiconductor device package which 
prevents a malfunction of a semiconductor element due to 
exposure to radiation or a penetration of radiation, and 
ensures the efficient dissipation of heat from the 
semiconductor element generating a large amount of heat. 

10 That is, this invention provides a semiconductor device 

package, characterized in that a substrate of a ceramic 
package with a semiconductor element mounted therein is 
constructed of a Cu-W alloy material containing 80 to 95% by 
weight of W, said Cu-W alloy material joined to a lower 

15 surface of said ceramic package, and the same Cu-W alloy 

material is joined to an upper surface of said semiconductor 
element mounted in said ceramic package. 

This makes it possible to improve radiation resistance 
significantly, and the heat dissipation of the semiconductor 

20 element as well. 

This invention will now be explained with reference to 
the drawings. In Fig. 1, reference numeral 1 represents a 
semiconductor element, 2 a ceramic package, 4 a bonding wire 
and 5 a lead. 

25 According to this invention, a Cu-W alloy material 3 is 

joined to the lower surface of ceramic package 2. The 
semiconductor element 1 is mounted directly on a central 
thick portion 6 of Cu-W alloy material 3. 

This invention is also characterized in that the above 

30 Cu-W alloy material 3 is joined to the upper surface of the 
thus mounted semiconductor element 1. These Cu-W alloy 
material layers shield the semiconductor element against 
extraneous radiation. Even when the semiconductor element 
generates a large amount of heat, the efficient dissipation 

35 of heat is ensured because the semiconductor element is 
directly mounted on the Cu-W alloy better in thermal 
conductivity than AI2O3 or other general alloys. 

(5) ADVANTAGES 
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The amount of W in the Cu-W alloy material is herein 
limited to the range of 80 to 95% by weight* The reason is 
that if, in view of the radiation shielding effect, the 
specific gravity of the material is increased to at least 
5 15.6 g/cm 3 and the coefficient of thermal expansion of the 
material is brought close to that of a ceramic material 
forming a substantial part of the package (for which AI2O3 is 
generally often used), it is then possible to attach a 
shielding sheet of large size to the package proper, and 

10 prevent a reliability drop due to thermal cycles after the 
mounting and assembling of the semiconductor element. 

As shown in Fig. 1, the Cu-W alloy material is provided 
only on the upper surface of the package and the lower 
surface of the package including a portion with the 

15 semiconductor element mounted thereon. The reason is that in 
view of package design, even a ceramic material having a low 
specific gravity is expected to have a sufficient effect on 
shielding radiation incident from a slanting direction, 
because of an increase in the distance of transmission of the 

20 radiation through the ceramic material forming a substantial 
part of the package. In the Cu-W alloy material used herein, 
it is required that W and Cu be uniformly distributed to 
achieve the desired effect. To this end, it is most 
preferable to use a powder metallurgy process. It is to be 

25 noted that the shape of the Cu-W alloy material containing 80 
to 95% by weight of W and used for the purpose of shielding 
radiation is not necessarily limited to a flat sheet form in 
view of the total design of the semiconductor package; the 
Cu-W base alloy material may be formed in various shapes. 

30 While the package of this invention can be applied to a 
single chip type multilayer ceramic package and a glass 
ceramic sealing type package (CerDip), it is to be understood 
that the package may also be applied to a multichip type 
ceramic package. 

35 in one embodiment of the invention shown in Fig. 1, the 

Cu-W alloy material is used in the form of a sealing lid 
member for the upper surface of the semiconductor package. 
However, the Cu-W alloy material is not limited to such a 
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form of use. For instance, the Cu-W alloy material 3 may 
also be joined to a package comprising a conventional ceramic 
material 2 1 , as shown in Fig. 2. 
(6) EXAMPLE 

5 This invention will now be explained with reference to 

some examples. 

A semiconductor element , i.e., an Si CMOS. LSI chip was 
packaged in the multilayer ceramic type package shown in Fig. 
1. Upon vertical incidence of Co 60 , 1.25 Mev y-rays on the 

10 upper surface of the semiconductor device, the chip was 
measured using an LSI tester. 

The results are tabulated in Table 1. 

In these examples, Cu-W alloy material samples (airtight 
sealing samples) with varying amounts of w in the range of 
15 the invention and varying thicknesses were used together with 
comparative samples made up of Cu-W alloy materials deviating 
from the range of the invention and other materials. 

The results of y-ray irradation testing of each sample 

are also shown in Table 1 together with the results, as 
20 estimated by an He leakage detector, of a deterioration in 
the airtightness of each package sample after subjected to 
100 heat cycles between -65 °C and +150 "C. 

In Table 1, 0 and X represent acceptance and rejection, 
respectively. 



25 Table 1 







Sealing Material 
Type Thickness (mm) 


Total 
10 


Dose of 
1.3 x 10* 


Co 60 
10* 


y-Rays 
lO 1 


(R) 
10 




Ex. 1 


85%W-Cu 


0.5 


0 


0 


X 


X 


X 




Ex. 2 


ditto 


1.0 


0 


0 


0 


X 


X 


30 


Ex. 3 


ditto 


1.5 


0 


0 


0 


0 


0 




Ex. 4 


90%W~Cu 


1.0 


0 


0 


0 


0 


X 




Comp. Ex. 


5 AI2O3 


0.5 


0 


X 


X 


X 


X 




Comp. Ex. 


6 Kovar 


0.5 


0 


X 


X 


X 


X 




Comp. Ex- 


7 96%W-Cu 


1.0 


O 


0 


0 


0 


0 


35 


Como. Ex. 


8 78%W-Cu 


1.0 


0 


0 


X 


X 


X 
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Table 1 (continued) 
Ability of Alloy to Join to Ceramic Package 



5 



Ex, 1 


0 


Ex. 2 


0 


Ex. 3 


0 


Ex. 4 


0 


Coittp. Ex. 5 


0 


Comp. Ex. 6 


0 


Coitip. Ex. 7 


X 


Comp. Ex. 8 


X 



Experimentation was carried out using as the 
semiconductor chip packaged in the package of this invention 
a high-speed operating element generating a large amount of 

15 heat as represented by a power consumption of 2 W. As a 
result, it was found that because heat can be dissipated 
directly from the package via the Cu-W alloy, the temperature 
rise of the element can be reduced to 100 °c or lower, so that 
the element can operate in a stable manner. 

20 (7) EFFECT 

From the foregoing results, it is found that by using 
the Cu-W alloy containing 80 to 95% by weight of W as the 
sealing member for a ceramic package, it is possible to 
obtain a semiconductor device improved in radiation 

25 resistance while the sealing reliability of the package 
itself is kept high, 

4- BRIEF EXPLANATION OF THE INVENTION 

Figs. 1 and 2 are sectional views of the structures of 
semiconductor packages illustrating embodiments of the 
30 invention wherein the Cu-W base alloy material containing 80 
to 95% by weight of W is joined to the upper and lower 
surfaces thereof. 

1 ••• semiconductor element, 2, 2' ••• ceramic material, 3 
• • • Cu-W base alloy material, 4 • • • bonding wire, and 5 • • • 
35 lead. 



Ref:2 

.1 



Fi 3 1 




®'Jkm&&&m (A) 0361-4250 

H 01 L 23/02 A "*2S"§E 
fy*\i\*} 7357~" 5 F 



@4$ IP 3359-125064 
@£ IS 5359(1984) 6^190 

www 

©ft a a #a± ft h 



g a n 

1 . R $ G * » 

0 W * 50- 9*S ffl * 3 *M * & - W 6 £ 8 8 

B ffl ;t * *r - 2 . 
3 . nwnm* K* 

U) ft S ± © « ffl 0 » 



*H«»fl)B«, H»Hi^T55»«3fP < St ft m 
T 3* * . 

m s n a * , c n s <o * r y7K<fcgPNPN 



-213- 



£ A » T & * * *0AflfiHc£oT5B?-iE?l 

$n^8*f/w^ictox, « a « a <& a ± 



«B3saei-4250 (2) 

s ft it ^ * ir a 6 o t 9 * . 



y » - 9 s 4Br;fr/^90-. Stt'J 
- i> 2 (DT9 C W*80-9$fi fi%gSlT&C*-W 



fi3 fP M 

ffi 5 n * > 4:<0flB?S«R£i5fl*t£*CiK: 
T * * . 



S fc « T a * . ft 8 * CCTffl^aCi-W&Stf 

nits *oaaj:»3W*c»tf**a-cfr»uT 
<> o * ja t * « s a p „ sec cwjgis 



j 

61-4250 (3) 

£1 $ I W 

t OTSifl5CMOS. L S I ^7f 
yW^-^V^U, Co 1 ' K 25 M e V © T » * *. 

* © tt * tt SB 1 Stwtfc. 

* ft , »iatC»g>TttttK» < « HI tf ± 8 ) 

tor, c©«fl©«iSrto)Gi-w^aa»"?w 
* o * a v> . 

- 5? t U T -65- -h I50XJ OC-Hf^?JI»S 
2OOBSfca<oa«Sihii<0£fc£ He 'J-?5r 

fca&a*o#£«. x floats?®*. 



$ 1 





No. 


« ffl S Jh a 


1 Co* 




7 








Jf*<«) 


IEI 


1.5X10' 


to' 


TO' 


101 






1 


85%W-<k 


0.5 


101 


o 


X 


X 


X 


o 




2 




1.0 


101 


o 


o 


X 


X 


o 


m 


3 


* 


1.5 


IHI 


o 


o 


o 


o 


o 




4 


90%W-C 


1.0 


IHI 


0 


o 


O 


X 


O- 




5 




0.5 


IHI 


X 


X 


X 


X 


O 


« 


6 




0.5 


IHI 


X 


X 


X 


X 


' o 


fl 


7 


96%W-C* 


1.0 


IHI 


0 


o 




o 


X 




8 


7896W-& 


1.0 


IHI 


0 


X 


X 


X 


X 



^ji-^aiJaTe^iii^ejR^oaH.tR^ ioo 

(71 Sft 9 

K.t<0e$*6W$8O-95%3fi*ii>C«i-W£ 



19 6 tl S C £ tt 3 46 5 ti fc . 
4 . S 26 © fi5 W & 18 B 

4 - ip y r < y if v -i * - 5 — y - f a 



*r rf ana a 



ft « A 



■ I 




-216- 



